UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

(Onlyior new nonprovisional applications under 37 CFR 1. 53(b)) 



Attorney Docket No 



First Inventor or Application Identifier Hiromichi ATSUUMI, et al. 



Assistant Commissioner for Patents 
ADDRESS TO: Box Patent Application 
Washington, DC 20231 



jfi Specification Total Sheets | 57 | 

Drawing(s) (35 U.S.C. 113) Total Sheets | (For 1 ^ a | s) | 



4. ■ Oath or Declaration Total Pages |_ 

a. ■ Newly executed (original) 

b n Copy from a prior application (37 C.F.R, §1 .63(d)) 
(for continuation / divisional w/ box 16 completed) 

i. □ DELETION OF INVENTOR(S) 

Signed statement attached deleting inventor(s) named in 
thejarior application, see 37 C.F.R. §1. 63(d)(2) and 

5. □ CD-ROM or CD-R in duplicate, large table or Computer 

Program (Appendix) 

6. □ Nucleotide and/or Amino Acid Sequence Submission 

(if applicable, all necessary) 

a. □ Computer Readable Form (CRF) 

b. Specification or Sequence Listing on: 

i. □ CD-ROM or CD-R (2 copies); or 

ii. □ Paper 

c. □ Statements verifying identity of above copies 



ACCOMPANYING APPLICATION PARTS gc 
oo C 

□ Assignment Papers (cover sheet & document(s))EJ 

□ Application Data Sheet. See 37 CFR 1.76 



English Translation Document (if applicable) 

Information Disclosure _ Copies of IDS (2) 

Statement (I DSJ/PTO-1 449 "Citations 

Preliminary Amendment 

White Advance Serial No. Postcard 



Other Notice of Priority, Statement of Relevancy 



16. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below: 

□ Continuation □ Divisional □ Continuation-in-part (CIP) of prior application no.: 

Prior application information: Examiner: Group Art Unit: 

For CONTINUATION OR DIVISIONAL APPS only: The entire disclosure o1 
ponsidered a part of the accompanying continuation or divisional application anu is nt 
when a portion has been inadvertently omitted from the submitted application parts. 



17. Amend the specification by inserting before the first line the sentence: 

□ This application is a □ Continuation □ Division □ Continuation-in-part (CIP) 
of application Serial No. Filed on 

□ This application claims priority of provisional application Serial No. Filet 



18. CORRESPONDENCE ADDRESS 



22850 

(703)413-3000 
FACSIMILE: (703)413-2220 



Name: 


Marvin J. Spivak 


Registration No.: 


24,913 


Signature: 




Date: 




Name: 




Registration No.: 





200097US2 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Hiromichi ATSUUMI, et al. 
New Application 
Herewith 

OPTICAL SCANNING DEVICE HAVING A TEMPERATURE COMPENSATION UNIT 

FEE TRANSMITTAL 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 



FOR 


NUMBER 
FILED 


NUMBER 
EXTRA 


RATE 


CALCULATIONS 


TOTAL CLAIMS 


12 - 20 = 


0 


x $18 = 


$0.00 


INDEPENDENT CLAIMS 


6 - 3 = 


3 


x $80 = 


$240.00 


□ MULTIPLE DEPENDENT CLAIMS (If applicable) 


+ S270 = 


$0.00 


□ LATE FILING OF DECLARATION 


+ $130 = 


$0.00 


BASIC FEE 


$710.00 


TOTAL OF ABOVE CALCULATIONS 


$950.00 


□ REDUCTION BY 50% FOR FILING BY SMALL ENTITY 


$0.00 


a FILING IN NON-ENGLISH LANGUAGE 


+ $130 = 


$0.00 


□ RECORDATION OF ASSIGNMENT 


+ $40 = 


$0.00 


TOTAL 


$950.00 



□ Please charge Deposit Account No. 15-0030 in the amount of A duplicate copy of this sheet is enclosed. 

■ A check in the amount of $950.00 to cover the filing fee is enclosed. 

■ The Commissioner is hereby authorized to charge any additional fees which may be required for the papers being filed 
herewith and for which no check is enclosed herewith, or credit any overpayment to Deposit Account No. 15-0030 . 

A duplicate copy of this sheet is enclosed. 



Respectfully Submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Marvin J. Spivak 
Registration No. 24, 9 1 3 



Docket No. 

INVENTOR(S) 
SERIAL NO: 
FJLING DATE: 
FOR: 




22850 

Tel. (703)413-3000 
Fax. (703) 413-2220 
(OSMMN 10/00) 



SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, HIROMICHI ATSUUMI , a 
citizen of Japan residing at: Kanagawa, Japan, SEIZO 
SUZUKI, a citizen of Japan residing at Kanagawa, Japan 
and SATORU ITOH, a citizen of Japan residing at 
Kanagawa, Japan, have invented certain new and useful 
improvements in 

OPTICAL SCANNING DEVICE HAVING A TEMPERATURE 
COMPENSATION UNIT 

of which the following is a specification:- 
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BACKGROUND OF THR INVENTION 

1. Field of The Invention 

The present invention relates to an optical scanning device in 
which a scanning optical unit that emits a light beam and focuses it 
5 on a scanned surface is provided with a temperature-compensation 
unit that eliminates a scanned-surface focal-point deviation of the 
light beam focused by the scanning optical unit, due to a temperature 
change of the scanning optical unit and its neighboring locations. 
Further, the present invention relates to an image forming apparatus 
10 in which the optical scanning device is provided with the 
temperature-compensation unit, 

2. Description of The Related Art 

In an image forming apparatus, such as laser printer, digital 
copier or laser facsimile, a laser scanning device emits a laser beam 

15 in accordance with an image signal, and focuses the laser beam onto 
a scanned surface of a photosensitive medium. In the laser scanning 
device, a collimator lens converts the laser beam, emitted by the 
laser light source, into a collimated laser beam, and a rotary 
polygonal mirror, which is rotated at a high speed, deflects the 

20 collimated laser beam to the photosensitive medium. The deflected 
beam is passed through an f 6 lens, and the f 6 lens focuses the 
deflected beam to form a light spot on the photosensitive medium 
surface. In the above laser scanning device, the collimator lens, the 
rotary polygonal mirror, and the f 6 lens constitute the scanning 

25 optical unit. 
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In an image forming apparatus including the laser scanning 
device, the photosensitive medium surface is scanned in a main 
scanning direction by the laser beam from the laser scanning device. 
In a synchronous manner with the time the main scanning is 
5 performed, the photosensitive medium is rotated around its rotation 
axis, and the photosensitive medium surface is scanned in a sub- 
scanning direction by the laser beam from the laser scanning device. 
Hence, in the image forming apparatus, an electrostatic image is 
formed on the photosensitive medium surface by using the laser 

10 scanning device. 

When the optical scanning device, like the above laser 
scanning device, is actually operated over an extended period of 
time, it is inevitable that a scanned-surface focal-point position of 
the light beam focused by the scanning optical unit deviates from a 

15 design-value position due to environmental changes, in particular, 
due to temperature changes of the scanning optical unit and its 
neighboring locations. In a certain case, the temperature changes 
cause the thermal deformation of the elements of the optical 
scanning device, and the light spot, which is formed on the scanned 

20 surface by the scanning optical unit, is larger than a required 

diameter. The contrast of the resulting image on the scanned surface 
will be lowered due to the focal-point deviation of the laser beam, 
and this will degrade the quality of the resulting image that is 
formed by the image forming apparatus using the optical scanning 

25 device. 



As disclosed in Japanese Patent Publication No. 2692944, a 
scanning optical device that is provided with a temperature 
compensation unit for eliminating a scanned-surface focal-point 
deviation of the light beam due to a temperature change of the 
scanning optical device is known. In the temperature compensation 
unit of the above document, a focusing-condition detection means 
detects a focusing condition of the laser beam on the scanned 
surface and outputs a detection signal indicative of the focusing 
condition. A corrector lens is movably provided in the collimator 
lens of the scanning optical device. When a temperature detection 
means detects a temperature change of the scanning optical device, 
movement of the corrector lens along the optical axis relative to the 
scanned surface is controlled by a feedback loop based on the 
focusing-condition detection signal, until the focusing-condition 
detection means detects a desired focusing condition of the laser 
beam on the scanned surface in which the focal-point deviation of 
the light beam is cancelled. Alternatively, the temperature 
compensation unit of the above document may be achieved by either 
the movement of the collimator lens along the optical axis or the 
movement of the laser light source. 

Further, as disclosed in Japanese Laid-Open Patent 
Application No. 4-107581, a scanning optical device that is provided 
with a temperature compensation unit is known. In the conventional 
temperature compensation unit of the above document, a focusing- 
condition detection means detects a focusing condition of the laser 
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beam on the scanned surface of a photosensitive medium by 
outputting a detection signal indicating the focusing condition. A 
temperature control means, including the Peltier element, is 
provided on the laser light source. An automatic focusing device 

5 including a corrector lens movably provided therein is operated in 

response to a control signal output by the temperature control means, 
and the automatic focusing operation of the automatic focusing 
device is controlled in response to the detection signal output by the 
focusing-condition detection means, such that the corrector lens is 

10 moved along the optical axis by the automatic focusing device and 
the focusing-condition detection means detects a desired focusing 
condition of the laser beam on the scanned surface. 

However, in the conventional scanning optical devices of the 
above documents, when a temperature change of the scanning optical 

15 device is detected, the automatic focusing operation must be 

performed to attain the desired focusing condition of the laser beam 
on the scanned surface. The configuration of the conventional 
scanning optical devices and the automatic focusing operation 
thereof are complicated, and much time is taken to reach the desired 

20 focusing condition of the laser beam by the automatic focusing 

operation. Further, the movement of the corrector lens is directed to 
elimination of only one of a main-scanning-direction focal-point 
deviation and a sub-scanning-direction focal-point deviation caused 
by the temperature change. If a focal-point position of the laser 

25 beam on the scanned surface that is optimum with respect to the 



main-scanning direction can be achieved, the resulting focal-point 
position of the laser beam on the scanned surface is not necessarily 
suitable with respect to the sub-scanning direction. 

SUMMARY OF THH INVENTION 

Accordingly, it is a general object of the present invention to 
provide an improved optical scanning device in which the above- 
described problems are eliminated. 

Another object of the present invention is to provide an 
optical scanning device which includes a simple, low-cost 
temperature compensation unit that can quickly achieve the optimum 
focal-point position of the light beam on the scanned surface by 
eliminating the focal-point deviation due to temperature changes 
without performing the automatic focusing operation. 

Another object of the present invention is to provide an image 
forming apparatus in which an optical scanning device is provided 
with a simple, low-cost temperature compensation unit that can 
quickly achieve the optimum focal-point position of the light beam 
on the scanned surface by eliminating the deviation due to 
temperature changes without performing the automatic focusing 
operation. 

The above-mentioned objects of the present invention are 
achieved by an optical scanning device including: a light source 
which emits a light beam; a scanning optical unit which deflects the 
light beam from the light source and focuses the deflected light 



beam to form a light spot on a scanned surface, the scanned surface 
being scanned by the light beam from the scanning optical unit; a 
temperature detection unit which detects a temperature of the 
scanning optical unit and its neighboring locations; and a 
temperature compensation unit which adjusts a focal-point position 
of the light beam on the scanned surface in accordance with a 
change in the temperature detected by the temperature detection unit, 
the temperature compensation unit adjusting the focal-point position 
of the light beam by directly varying a focusing effect of a corrector 
lens on the light beam from the light source by a controlled amount 
of movement of the corrector lens along its optical axis that 
corresponds to the temperature change. 

The above-mentioned objects of the present invention are 
achieved by an optical scanning device which includes: a light 
source unit which has a plurality of light sources emitting multiple 
light beams; a scanning optical unit which deflects the multiple light 
beams from the light sources at a single location and focuses the 
deflected light beam to form a light spot on a scanned surface of a 
photosensitive medium, the scanned surface being scanned by the 
light beam from the scanning optical unit; a temperature detection 
unit which detects a temperature of the scanning optical unit and its 
neighboring locations; and a temperature compensation unit which 
adjusts each of a main-scanning-direction focal-point position, a 
sub-scanning-direction focal-point position and a sub-scanning- 
direction beam pitch related to the light beam on the scanned surface 



in accordance with a change in the temperature detected by the 
temperature detection unit. 

The above-mentioned objects of the present invention are 
achieved by an image forming apparatus in which an optical 
scanning device is provided, the optical scanning device including: a 
light source which emits a light beam; a scanning optical unit which 
deflects the light beam from the light source and focuses the 
deflected light beam to form a light spot on a scanned surface, the 
scanned surface being scanned by the light beam from the scanning 
optical unit; a temperature detection unit which detects a 
temperature of the scanning optical unit and its neighboring 
locations; and a temperature compensation unit which adjusts a 
focal-point position of the light beam on the scanned surface in 
accordance with a change in the temperature detected by the 
temperature detection unit, the temperature compensation unit 
adjusting the focal-point position of the light beam by directly 
varying a focusing effect of a corrector lens on the light beam from 
the light source by a controlled amount of movement of the corrector 
lens along its optical axis that corresponds to the temperature 
change. 

The above-mentioned objects of the present invention are 
achieved by an image forming apparatus in which an optical 
scanning device is provided, the optical scanning device including: a 
light source unit which has a plurality of light sources emitting 
multiple light beams; a scanning optical unit which deflects the 
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multiple light beams from the light sources at a single location and 
focuses the deflected light beam to form a light spot on a scanned 
surface of a photosensitive medium, the scanned surface being 
scanned by the light beam from the scanning optical unit; a 
5 temperature detection unit which detects a temperature of the 
scanning optical unit and its neighboring locations; and a 
temperature compensation unit which adjusts each of a main- 
scanning-direction focal-point position, a sub-scanning-direction 
focal-point position and a sub-scanning-direction beam pitch related 
10 to the light beam on the scanned surface in accordance with a change 
in the temperature detected by the temperature detection unit. 

In the optical scanning device and the image forming 
apparatus according to the present invention, the temperature 
compensation unit adjusts the scanned-surface focal-point position 
15 of the light beam by directly varying the focusing effect of the 
corrector lens on the light beam from the light source by a 
controlled amount of movement of the corrector lens along its 
optical axis that corresponds to the temperature change. The 
temperature compensation unit of the present invention can be 
20 constructed in a simple, inexpensive configuration. The temperature 
compensation unit of the present invention is effective in quickly 
achieving the optimum focal-point position of the light beam on the 
scanned surface by eliminating the focal-point deviation due to a 
temperature change of the scanning optical unit. It is not necessary 
25 for the optical scanning device of the present invention to perform 
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the automatic focusing operation when the temperature of the 
scanning optical unit changes, as in the conventional optical 
scanning devices. 

BRTEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present invention 
will be apparent from the following detailed description when read 
in conjunction with the accompanying drawings. 

FIG. 1 is a schematic diagram showing a first preferred 
embodiment of the optical scanning device of the present invention. 

FIG. 2 is a diagram for explaining focal-point deviation 
characteristics of the optical scanning device of the present 
embodiment that are dependent on a temperature change. 

FIG. 3 is a schematic diagram showing a second preferred 
embodiment of the optical scanning device of the present invention. 

FIG. 4 is a diagram for explaining focal-point deviation 
characteristics of the optical scanning device of the present 
embodiment that are dependent on a temperature change. 

FIG. 5 is a diagram for explaining corrector lens movement 
characteristics of the optical scanning device of the present 
embodiment that are dependent on a temperature change. 

FIG. 6 is a schematic diagram showing a third preferred 
embodiment of the optical scanning device of the present invention. 

FIG. 7 is a diagram for explaining focal-point deviation 
characteristics of the optical scanning device of the present 



-11- 



embodiment that are dependent on a temperature change. 

FIG. 8 is a schematic diagram showing a fourth preferred 
embodiment of the optical scanning device of the present invention. 

FIG. 9 is a diagram for explaining a relationship between 
main-scanning-direction focal-point deviation and laser-diode unit 
movement in the present embodiment. 

FIG. 10 is a diagram for explaining a relationship between 
sub-scanning-direction focal-point deviation and laser-diode unit 
movement in the present embodiment. 

FIG. 11 is a diagram for explaining a relationship between 
sub-scanning-direction beam-pitch deviation and laser-diode unit 
movement in the present embodiment. 

FIG. 12 is a diagram for explaining a relationship between 
main-scanning-direction focal-point deviation and first corrector 
lens movement in the present embodiment. 

FIG. 13 is a diagram for explaining a relationship between 
sub-scanning-direction focal-point deviation and first corrector lens 
movement in the present embodiment. 

FIG. 14 is a diagram for explaining a relationship between 
sub-scanning-direction beam-pitch deviation and first corrector lens 
movement in the present embodiment. 

FIG. 15 is a diagram for explaining a relationship between 
main-scanning-direction focal-point deviation and second corrector 
lens movement in the present embodiment. 

FIG. 16 is a diagram for explaining a relationship between 



-12- 



sub-scanning-direction focal-point deviation and second corrector 
lens movement in the optical scanning device of the present 
embodiment. 

FIG. 17 is a diagram for explaining a relationship between 
5 sub-scanning-direction beam-pitch deviation and second corrector 
lens movement in the optical scanning device of the present 
embodiment. 

FIG. 18 is a diagram for explaining a relationship between 
main-scanning-direction focal-point deviation of the optical 
10 scanning device of the present embodiment and temperature change. 

FIG. 19 is a diagram for explaining a relationship between 
sub-scanning-direction focal-point deviation of the optical scanning 
device of the present embodiment and temperature change. 

FIG. 20 is a diagram for explaining a relationship between 
15 sub-scanning-direction beam-pitch deviation of the optical scanning 
device and temperature change. 

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS 

A description will now be given of preferred embodiments of 
20 the optical scanning device and the image forming apparatus of the 
present invention with reference to the accompanying drawings. 

FIG. 1 shows a first preferred embodiment of the optical 
scanning device of the present invention. The optical scanning 
device of the present embodiment is provided for use in an image 
25 forming apparatus, such as a laser printer, a digital copier or a laser 
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facsimile. In the image forming apparatus, an image is formed on a 
scanned surface of a photosensitive medium when the photosensitive 
medium surface is scanned in the main scanning direction and the 
sub-scanning direction by the light beam focused by the optical 
5 scanning device. 

As shown in FIG. 1, the optical scanning device of the present 
embodiment generally comprises a light source 1, a coupling lens 2, 
a corrector lens 3, a deflector 4, a focusing lens system 5, a 
photosensitive medium 6, a sync signal detector 7, a temperature 

10 sensor 8, a corrector lens actuator 9, and a temperature 

compensation control unit 10. In the optical scanning device of FIG. 
1, the coupling lens 2, the deflector 4 and the focusing lens system 5 
constitute the scanning optical unit in the claims, while the corrector 
lens 3, the corrector lens actuator 9 and the temperature 

15 compensation control unit 10 constitute the temperature 
compensation unit in the claims. 

In the optical scanning device of FIG. 1, the light source 1 
emits a light beam, such as a laser beam, in accordance with an 
image signal. The light source 1 in the present embodiment is a 

20 semiconductor laser (or a laser diode) that emits a laser beam. The 
coupling lens 2 couples the light beam emitted by the light source 1, 
and the coupled light beam is suitably introduced to the corrector 
lens 3. 

The corrector lens 3 provides a refraction power to the 
25 coupled light beam from the coupling lens 2, with respect to both the 
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main scanning direction and the sub-scanning direction. In the 
present embodiment, the focusing effect of the corrector lens 3 on 
the light beam from the light source 1 is varied by the corrector lens 
actuator 9 by a controlled amount of movement of the corrector lens 
3 along its optical axis that corresponds to a detected temperature 
change. The movement of the corrector lens 3 by the corrector lens 
actuator 9 is controlled by the temperature compensation control 
unit 10 in accordance with the temperature change. Accordingly, the 
focal-point position of the light beam on the scanned surface of the 
photosensitive medium 6 is adjusted by the temperature 
compensation control unit 10 in accordance with the temperature 
change, so as to eliminate the focal-point deviation due to the 
temperature change. 

The deflector 4 in the present embodiment is a rotary 
polygonal mirror having reflection surfaces on the six peripheral 
sides. One of the reflection surfaces of the deflector 4 deflects the 
beam from the corrector lens 3 while the deflector 4 is rotated 
around its rotation axis (which is perpendicular to the plane of 
illustration of FIG. 1). The deflected beam from the deflector 4 
scans the scanned surface of the photosensitive medium 6 in the 
main scanning direction (which is parallel to the axial direction of 
the photosensitive medium 6). In a synchronous manner with the 
time the main scanning is performed (or every time the light beam 
from the deflector 4 is incident to the sync signal detector 7), the 
photosensitive medium 6 is rotated around its rotation axis by a 
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given rotational angle. Hence, the photosensitive medium surface is 
scanned in the main scanning direction and in the sub-scanning 
direction by the light beam focused by the optical scanning device. 

The focusing lens system 5 includes an f 6 lens that converts 
the deflected light beam from the deflector 4 into a convergent light 
beam so that the convergent light beam from the focusing lens 
system 5 forms a light spot on the scanned surface of the 
photosensitive medium 6. When the deflector 4 is rotated, the light 
beam passed through the focusing lens system 5 scans the 
photosensitive medium surface in the main scanning direction. 

The photosensitive medium 6 in the present embodiment is a 
photoconductor drum that serves as an image support for an image 
on the scanned surface. An electrostatic latent image is formed on 
the scanned surface of the photosensitive medium 6 when the 
photosensitive medium surface is exposed to a pattern of the light 
beam focused by the optical scanning device. 

The sync signal detector 7 outputs a main-scanning sync 
signal every time the light beam from the deflector 4 is incident to 
the sync signal detector 7 during the rotation of the deflector 4. The 
photosensitive medium 6 is rotated around the rotation axis by the 
given rotational angle in synchronism with the main-scanning sync 
signal output by the sync signal detector 7. 

The temperature sensor 8 is provided in the vicinity of the 
sync signal detector 7. The temperature sensor 8 outputs a signal 
indicative of a temperature of the scanning optical unit and its 
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neighboring locations, to the temperature-compensation control unit 
10. When the temperature sensor 8 senses a first temperature of the 
scanning optical unit, the output signal of the temperature sensor 8 
represents a first voltage or resistance of a thermoelectric element 
5 contained in the temperature sensor 8. When the temperature of the 
scanning optical unit changes to a second temperature and it is 
sensed by the temperature sensor 8, the output signal of the 
temperature sensor 8 represents a second voltage or resistance of the 
thermoelectric element. Hence, the temperature change is detected 

10 by the temperature-compensation control unit 10 from a change of 
the voltage or resistance of the thermoelectric element indicated by 
the output signal of the temperature sensor 8. 

The temperature compensation control unit 10 outputs a 
control signal to the corrector lens actuator 9 in accordance with the 

15 signal supplied from the temperature sensor 8, the control signal 

indicating a controlled amount of movement of the corrector lens 3 
required to cancel the focal-point deviation of the light beam due to 
the temperature change. The corrector lens actuator 9 moves the 
corrector lens 3 along the optical axis in accordance with the control 

20 signal supplied from the temperature compensation control unit 10. 

Therefore, the temperature compensation control unit 10 controls the 
movement of the corrector lens 3 by means of the corrector lens 
actuator 9 in accordance with the temperature change detected by the 
temperature sensor 8, and the focal-point position of the light spot 

25 on the scanned surface of the photosensitive medium 6 is adjusted by 
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the temperature compensation control unit 10 so as to eliminate the 
focal-point deviation caused by the temperature change. 

In the present embodiment, the temperature-compensation 
control unit 10 includes a memory that stores a table defining the 
relationship between the temperature change and a corresponding 
focal-point deviation of the light beam on the scanned surface. A 
simulation test of the optical scanning device of the present 
embodiment is performed, in advance, and individual scanned- 
surface focal-point deviations of the laser beam focused by the 
scanning optical unit are measured at different temperatures of the 
scanning optical unit. The table defining the above relationship is 
created based on the results of the measurement of the simulation 
test, and stored in the memory of the temperature-compensation 
control unit 10. During the measurement of the simulation test, the 
focusing effect of the corrector lens 3 on the light beam from the 
light source 1 is fixed to a reference level and not varied. 

FIG. 2 shows focal-point deviation characteristics of the 
optical scanning device of the present embodiment that are 
dependent on a temperature change of the scanning optical unit. 

As described above, in the present embodiment, the simulation 
test is performed, in advance, such that individual scanned-surface 
focal-point deviations of the laser beam focused by the scanning 
optical unit are measured at different temperatures of the scanning 
optical unit. The table defining the above relationship is created 
based on the results of the measurement of the simulation test, and 
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the table, such as shown in FIG. 2, is stored in the memory of the 
temperature-compensation control unit 10. 

In the optical scanning device of FIG. 1, when a temperature 
change of the scanning optical unit is detected by the temperature 
sensor 8, the temperature compensation control unit 10 adjusts the 
scanned-surface focal-point position of the light beam based on the 
focal-point deviation read from the table of the above memory in 
response to the temperature change. Specifically, the temperature 
compensation control unit 10 directly controls the corrector lens 
actuator 9 in accordance with the signal output from the temperature 
sensor 8, so that the focusing effect of the corrector lens 3 on the 
light beam from the light source 1 is directly varied by a controlled 
amount of movement of the corrector lens 3 along the optical axis 
that corresponds to the temperature change. 

It is not necessary for the optical scanning device of the 
present embodiment to perform the automatic focusing operation 
when the temperature of the scanning optical unit changes. In the 
present embodiment, it is possible to provide one-to-one 
correspondence between the temperature of the scanning optical unit 
and the corresponding amount of movement of the corrector lens 3. 
The movement of the corrector lens 3 controlled by the temperature 
compensation control unit 10 results in the elimination of the focal- 
point deviation corresponding to that read from the memory. In the 
optical scanning device of the present embodiment, the temperature 
sensor 8, the corrector lens actuator 9 and the temperature 
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compensation control unit 10 can be constructed in a simple, 
inexpensive configuration. The optical scanning device and the 
image forming apparatus of the present embodiment are effective in 
quickly achieving the optimum focal-point position of the light beam 
on the scanned surface of the photosensitive medium 6 when a 
temperature change of the scanning optical unit is detected. 

In the above-described embodiment, the temperature sensor 8 
is provided in the vicinity of the sync signal detector 7 as shown in 
FIG. 1. Alternatively, the temperature sensor 8 may be provided in 
the vicinity of the focusing lens system 5 or in the vicinity of the 
light source 1 which is subjected to significant temperature changes. 
Further, in order to increase the accuracy of temperature detection, a 
plurality of temperature sensors may be provided at different 
internal locations within the optical scanning device which are 
subjected to significant temperature changes. 

Next, FIG. 3 shows a second preferred embodiment of the 
optical scanning device of the present invention. 

As shown in FIG. 3, the optical scanning device of the present 
embodiment generally comprises the light source 1, the coupling 
lens 2, a first corrector lens 11, a second corrector lens 12, the 
deflector 4, the focusing lens system 5, the photosensitive medium 6, 
the sync signal detector 7, the temperature sensor 8, a first corrector 
lens actuator 13, a second corrector lens actuator 14, and a 
temperature compensation control unit 15. In FIG. 3, the elements 
which are essentially the same as corresponding elements in FIG. 1 
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are designated by the same reference numerals, and a description 
thereof will be omitted. 

In the optical scanning device of FIG. 3, the coupling lens 2, 
the deflector 4 and the focusing lens system 5 constitute the 
scanning optical unit in the claims, while the first and second 
corrector lenses 11 and 12, the first and second corrector lens 
actuators 13 and 14 and the temperature compensation control unit 
15 constitute the temperature compensation unit in the claims. 

In the optical scanning device of FIG. 3, the coupling lens 2 
couples the light beam emitted by the light source 1, and the coupled 
light beam is suitably introduced to the first corrector lens 11. 

The first corrector lens 11 provides a refraction power to the 
coupled light beam from the coupling lens 2, with respect to the 
main scanning direction. The second corrector lens 12 provides a 
refraction power to the coupled light beam from the coupling lens 2, 
with respect to the sub-scanning direction. In the present 
embodiment, the focusing effects of the corrector lenses 11 and 12 
on the light beam from the light source 1 with respect to the main 
scanning direction and the sub-scanning direction are individually 
varied by the first and second corrector lens actuators 13 and 14 by 
controlled amounts of movement of the corrector lenses 11 and 12 
along the optical axis that correspond to a detected temperature 
change. The movements of the corrector lenses 11 and 12 by the 
first and second corrector lens actuators 13 and 14 are individually 
controlled by the temperature compensation control unit 15 in 
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accordance with the temperature change. Accordingly, the main- 
scanning-direction and sub-scanning-direction focal-point positions 
of the light beam on the scanned surface of the photosensitive 
medium 6 are adjusted by the temperature compensation control unit 
15 in accordance with the temperature change, so as to eliminate the 
focal-point deviations due to the temperature change. 

The temperature compensation control unit 15 outputs a first 
control signal and a second control signal to the first corrector lens 
actuator 13 and the second corrector lens actuator 14, respectively, 
in accordance with the signal supplied from the temperature sensor 8. 
The first control signal output by the control unit 15 indicates a 
controlled amount of movement of the first corrector lens 11 
required to cancel the focal-point deviation of the light beam in the 
main scanning direction due to the temperature change. The second 
control signal output by the control unit 15 indicates a controlled 
amount of movement of the second corrector lens 12 required to 
cancel the focal-point deviation of the light beam in the sub- 
scanning direction due to the temperature change. The first 
corrector lens actuator 13 moves the first corrector lens 11 along the 
optical axis in accordance with the first control signal supplied from 
the temperature compensation control unit 15. The second corrector 
lens actuator 14 moves the second corrector lens 12 along the optical 
axis in accordance with the second control signal supplied from the 
temperature compensation control unit 15. The temperature 
compensation control unit 15 individually controls the movement of 
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the first corrector lens 11 and the movement of the second corrector 
lens 12 in accordance with the temperature change detected by the 
temperature sensor 8. Therefore, the main-scanning-direction and 
sub-scanning-direction focal-point positions of the light beam on the 
scanned surface of the photosensitive medium 6 are adjusted by the 
temperature compensation control unit 15 so as to eliminate the 
focal-point deviations of the light beam with respect to the main 
scanning direction and the sub-scanning direction. 

In the present embodiment, the temperature-compensation 
control unit 15 includes a memory that stores a table defining the 
relationship between the temperature change and corresponding 
focal-point deviations (with respect to the main scanning direction 
and the sub-scanning direction) of the light beam on the scanned 
surface. A simulation test of the optical scanning device of the 
present embodiment is performed, in advance, and individual 
scanned-surface focal-point deviations of the laser beam focused by 
the scanning optical unit are measured at different temperatures of 
the scanning optical unit. The table defining the above relationship 
is created based on the results of the measurement of the simulation 
test, and stored in the memory of the temperature-compensation 
control unit 15. During the measurement of the simulation test, the 
focusing effects of the corrector lenses 11 and 12 on the light beam 
from the light source 1 are fixed to a reference level and not varied. 

FIG. 4 shows focal-point deviation characteristics of the 
optical scanning device of the present embodiment that are 
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dependent on a temperature change of the scanning optical unit. 

FIG. 5 shows corrector lens movement characteristics of the 
optical scanning device of the present embodiment that are 
dependent on a temperature change of the scanning optical unit. 

As described above, in the present embodiment, the simulation 
test is performed, in advance, such that individual scanned-surface 
focal-point deviations (with respect to the main scanning direction 
and the sub-scanning direction) of the laser beam focused by the 
scanning optical unit are measured at different temperatures of the 
scanning optical unit. The table defining the above relationship is 
created based on the results of the measurement of the simulation 
test, and the table, such as shown in FIG. 4, is stored in the memory 
of the temperature-compensation control unit 15. 

Alternatively, the simulation test may be performed, in 
advance, such that individual controlled amounts of movement of 
each of the first corrector lens 11 and the second corrector lens 12 
are calculated with respect to the respective focal-point deviations 
measured at different temperatures of the scanning optical unit. In 
such alternative embodiment, the table defining the above 
relationship is created based on the results of the measurement of 
the simulation test, and the table, such as shown in FIG. 5, is stored 
in the memory of the temperature-compensation control unit 15. 

In the optical scanning device of FIG. 3, when a temperature 
change of the scanning optical unit is detected by the temperature 
sensor 8, the temperature compensation control unit 15 adjusts the 
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main-scanning-direction and sub-scanning-direction focal-point 
positions of the light beam based on the focal-point deviations read 
from the table of the memory (FIG. 4) in response to the temperature 
change. Specifically, the temperature compensation control unit 15 
directly controls the corrector lens actuators 13 and 14 in 
accordance with the signal output from the temperature sensor 8, so 
that the focusing effects of the corrector lenses 11 and 12 on the 
light beam from the light source 1 are directly varied by the 
controlled amounts of movement of the first and second corrector 
lenses 11 and 12 along the optical axis that correspond to the 
temperature change. 

It is not necessary for the optical scanning device of the 
present embodiment to perform the automatic focusing operation 
when the temperature of the scanning optical unit changes. In the 
present embodiment, it is possible to provide one-to-one 
correspondence between the temperature of the scanning optical unit 
and the corresponding amount of movement of each of the corrector 
lenses 11 and 12. The movements of the corrector lenses 11 and 12 
controlled by the temperature compensation control unit 15 result in 
the elimination of the focal-point deviations corresponding to those 
read from the memory. In the optical scanning device of the present 
embodiment, the temperature sensor 8, the corrector lens actuators 
13 and 14 and the temperature compensation control unit 15 can be 
constructed in a simple, inexpensive configuration. The optical 
scanning device and the image forming apparatus of the present 
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embodiment are effective in quickly achieving the optimum focal- 
point position of the light beam on the scanned surface of the 
photosensitive medium 6 when a temperature change of the scanning 
optical unit is detected. 

In the above-described embodiment, the temperature sensor 8 
is provided in the vicinity of the sync signal detector 7 as shown in 
FIG. 3. Alternatively, the temperature sensor 8 may be provided in 
the vicinity of the focusing lens system 5 or in the vicinity of the 
light source 1 which is subjected to significant temperature changes. 
Further, in order to increase the accuracy of temperature detection, a 
plurality of temperature sensors may be provided at different 
internal locations within the optical scanning device which are 
subjected to significant temperature changes. 

Next, FIG. 6 shows a third preferred embodiment of the 
optical scanning device of the present invention. 

As shown in FIG. 6, the optical scanning device of the present 
embodiment generally comprises the light source 1, the coupling 
lens 2, a second corrector lens 12', the deflector 4, the focusing lens 
system 5, the photosensitive medium 6, the sync signal detector 7, 
the temperature sensor 8, a second corrector lens actuator 14', and a 
temperature compensation control unit 16. In the present 
embodiment, the first corrector lens 11 and the first corrector lens 
actuator 13 as in the previous embodiment of FIG. 3 are omitted. In 
FIG. 6, the elements which are essentially the same as corresponding 
elements in FIG. 1 are designated by the same reference numerals, 
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and a description thereof will be omitted. 

In the optical scanning device of FIG. 6, the coupling lens 2, 
the deflector 4 and the focusing lens system 5 constitute the 
scanning optical unit in the claims, while the second corrector lens 
12', the second corrector lens actuator 14' and the temperature 
compensation control unit 16 constitute the temperature 
compensation unit in the claims. 

In the optical scanning device of FIG. 6, a light source module 
in which the light source 1 and the coupling lens 2 are 
accommodated is formed with a most suitable linear expansivity 
such that the focal-point deviation of the light beam on the scanned 
surface in the main scanning direction for the temperature change is 
made almost negligible or virtually equal to zero. Hence, the first 
corrector lens 11 and the first corrector lens actuator 13 as in the 
previous embodiment of FIG. 3 are omitted in the present 
embodiment. 

In the optical scanning device of FIG. 6, the coupling lens 2 
couples the light beam emitted by the light source 1, and the coupled 
light beam is suitably introduced to the second corrector lens 12'. 
The second corrector lens 12' provides a refraction power to the 
coupled light beam from the coupling lens 2, with respect to the sub- 
scanning direction. In the present embodiment, the focusing effect 
of the corrector lens 12' on the light beam from the light source 1 
with respect to the sub-scanning direction is varied by the second 
corrector lens actuator 14' by a controlled amount of movement of 
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the corrector lens 12' along the optical axis that corresponds to a 
detected temperature change. The movement of the corrector lens 
12' by the second corrector lens actuator 14' is controlled by the 
temperature compensation control unit 16 in accordance with the 
temperature change. In the present embodiment, the sub-scanning- 
direction focal-point position of the light beam on the scanned 
surface of the photosensitive medium 6 is adjusted by the 
temperature compensation control unit 16 in accordance with the 
temperature change, so as to eliminate the focal-point deviation due 
to the temperature change. In the present embodiment, the light 
source module in which the light source 1 and the coupling lens 2 
are accommodated is formed with the most suitable linear 
expansivity such that the focal-point deviation of the light beam on 
the scanned surface in the main scanning direction for the 
temperature change is made almost negligible. 

The temperature compensation control unit 16 outputs a 
control signal to the second corrector lens actuator 14' in 
accordance with the signal supplied from the temperature sensor 8. 
The control signal output by the control unit 16 indicates a 
controlled amount of movement of the second corrector lens 12' 
required to cancel the focal-point deviation of the light beam in the 
sub-scanning direction due to the temperature change. The second 
corrector lens actuator 14' moves the second corrector lens 12' 
along the optical axis in accordance with the control signal supplied 
from the temperature compensation control unit 16. The temperature 
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compensation control unit 16 controls the movement of the second 
corrector lens 12' in accordance with the temperature change 
detected by the temperature sensor 8. Therefore, the sub-scanning- 
direction focal-point position of the light beam on the scanned 
5 surface of the photosensitive medium 6 is adjusted by the 

temperature compensation control unit 16 so as to eliminate the 
focal-point deviation of the light beam with respect to the sub- 
scanning direction due to the temperature change. 

In the present embodiment, the temperature-compensation 

10 control unit 16 includes a memory that stores a table defining the 
relationship between the temperature change and a corresponding 
focal-point deviation (with respect to the sub-scanning direction) of 
the light beam on the scanned surface. A simulation test of the 
optical scanning device of the present embodiment is performed, in 

15 advance, and individual scanned-surface focal-point deviations of 
the laser beam focused by the scanning optical unit are measured at 
different temperatures of the scanning optical unit. The table 
defining the above relationship is created based on the results of the 
measurement of the simulation test, and stored in the memory of the 

20 temperature-compensation control unit 16. During the measurement 
of the simulation test, the focusing effect of the corrector lens 12 on 
the light beam from the light source 1 is fixed to a reference level 
and not varied. 

FIG. 7 shows focal-point deviation characteristics of the 

25 optical scanning device of the present embodiment that are 



-29- 



dependent on a temperature change. 

In the optical scanning device of FIG. 6, when a temperature 
change of the scanning optical unit is detected by the temperature 
sensor 8, the temperature compensation control unit 16 adjusts the 
sub-scanning-direction focal-point position of the light beam based 
on the focal-point deviation read from the table of the memory (FIG. 
7) in response to the temperature change. Specifically, the 
temperature compensation control unit 16 directly controls the 
corrector lens actuator 14' in accordance with the signal output from 
the temperature sensor 8, so that the focusing effect of the corrector 
lens 12' on the light beam from the light source 1 is directly varied 
by the controlled amount of movement of the second corrector lens 
12' along the optical axis that correspond to the temperature change. 
The adjustment of the main-scanning-direction focal-point position 
of the light beam in accordance with the temperature change is not 
needed for the optical scanning device of the present embodiment. 

It is not necessary for the optical scanning device of the 
present embodiment to perform the automatic focusing operation 
when the temperature of the scanning optical unit changes. In the 
present embodiment, it is possible to provide one-to-one 
correspondence between the temperature of the scanning optical unit 
and the corresponding amount of movement of the corrector lens 12'. 
The movement of the corrector lens 12' controlled by the 
temperature compensation control unit 16 results in the elimination 
of the focal-point deviation corresponding to that read from the 
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memory. In the optical scanning device of the present embodiment, 
the temperature sensor 8, the corrector lens actuator 14' and the 
temperature compensation control unit 16 can be constructed in a 
simple, inexpensive configuration. The optical scanning device and 
the image forming apparatus of the present embodiment are effective 
in quickly achieving the optimum focal-point position of the light 
beam on the scanned surface of the photosensitive medium 6 when a 
temperature change of the scanning optical unit is detected. 

In the above-described embodiment, the temperature sensor 8 
is provided in the vicinity of the sync signal detector 7 as shown in 
FIG. 3. Alternatively, the temperature sensor 8 may be provided in 
the vicinity of the focusing lens system 5 or in the vicinity of the 
light source 1 which is subjected to significant temperature changes. 
Further, in order to increase the accuracy of temperature detection, a 
plurality of temperature sensors may be provided at different 
internal locations within the optical scanning device which are 
subjected to significant temperature changes. 

In the above-described embodiments of FIG. 1, FIG. 3 and FIG. 
6, the temperature sensor 8 is integrally formed on either an 
integrated circuit board in which the sync signal detector 7 or the 
deflector 4 is provided or an integrated circuit board in which the 
light source 1 (the laser diode) is provided. It is not necessary to 
provide an additional circuit board for mounting the temperature 
sensor 8 only in order to construct the optical scanning device of the 
present invention. The temperature compensation unit of the present 
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invention can be constructed in a simple, inexpensive configuration. 

In the above-described embodiment of FIG. 6, the first 
corrector lens 11 and the first corrector lens actuator 13 as in the 
previous embodiment of FIG. 3 are omitted, and the light source 
5 module in which the light source 1 and the coupling lens 2 are 
accommodated is formed with a most suitable linear expansivity 
such that the focal-point deviation of the light beam on the scanned 
surface in the main scanning direction for the temperature change is 
made almost negligible. However, the present invention is not 

10 limited to this embodiment. Alternatively, the second corrector lens 
12 and the second corrector lens actuator 14 as in the previous 
embodiment of FIG. 3 may be omitted. In such alternative 
embodiment, the light source module in which the light source 1 and 
the coupling lens 2 are accommodated is formed with a most suitable 

15 linear expansivity such that the focal-point deviation of the light 
beam on the scanned surface in the sub-scanning direction for the 
temperature change is made almost negligible. 

Next, FIG. 8 shows a fourth preferred embodiment of the 
optical scanning device of the present invention. 

20 As shown in FIG. 8, the optical scanning device of the present 

embodiment generally comprises a light source unit (also called the 
laser diode unit) 21, a first corrector lens 22, a second corrector lens 
23, a deflector 24, a focusing lens system 25, a photosensitive 
medium 26, a temperature sensor 27, a temperature measuring unit 

25 28, a deviation calculating unit 29, a beam-diameter control unit 30, 
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a beam-pitch control unit 31, a first actuator 32, a second actuator 
33, a third actuator 34, a reflector mirror 35, and a dust-proof glass 
36. In the optical scanning device of FIG. 8, the deflector 24, the 
focusing lens system 25 and the reflector mirror 35 constitute the 
scanning optical unit in the claims, the temperature sensor 27 and 
the temperature measuring unit 28 constitute the temperature 
detection unit in the claims, while the first corrector lens 22, the 
second corrector lens 23, the first through third actuators 32-34, the 
deviation calculating unit 29, the beam-diameter control unit 30 and 
the beam-pitch control unit 31 constitute the temperature 
compensation unit in the claims. 

In the optical scanning device of FIG. 8, the light source unit 
(or the laser diode unit) 21 includes a plurality of light sources (for 
example, laser diodes) which emit multiple light beams, such as 
multiple laser beams, in accordance with an image signal. The 
multiple light beams from the light source unit 21 are suitably 
introduced to the first corrector lens 22. The first actuator 32 moves 
the light source unit 21 along its optical axis in accordance with a 
control signal supplied from the beam-pitch control unit 31. The 
temperature compensation unit of the present embodiment controls 
the movement of the light source unit 21 by means of the first 
actuator 32 in accordance with a detected temperature change, and 
adjusts the beam pitch of the light beam on the scanned surface of 
the photosensitive medium 26 in the sub-scanning direction so as to 
eliminate the beam-pitch deviation caused by the temperature change. 
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The first corrector lens 22 provides a refraction power to the 
multiple light beams from the light source unit 21, with respect to 
the main scanning direction. The second corrector lens 23 provides 
a refraction power to the multiple light beams beam from the light 
source unit 21, with respect to the sub-scanning direction. The first 
and second corrector lenses 22 and 23 in the present embodiment are 
constituted by cylindrical lenses. The second actuator 33 moves the 
first corrector lens 22 along its optical axis in accordance with a 
control signal supplied from the beam-diameter control unit 30. The 
third actuator 34 moves the second corrector lens 23 along its 
optical axis in accordance with a control signal supplied from the 
beam-diameter control unit 30. 

In the present embodiment, the focusing effect of the first 
corrector lens 22 on the multiple light beams from the light source 
unit 21 with respect to the main scanning direction is varied by the 
second actuator 33 by a controlled amount of movement of the first 
corrector lens 22 along the optical axis that corresponds to a 
temperature change. The focusing effect of the second corrector 
lens 23 on the multiple light beams from the light source unit 21 
with respect to the sub-scanning direction is varied by the third 
actuator 34 by a controlled amount of movement of the second 
corrector lens 23 along the optical axis that corresponds to a 
temperature change. The movement of the first corrector lens 22 by 
the second actuator 33 and the movement of the second corrector 
lens 23 by the third actuator 34 are controlled by the beam-diameter 
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control unit 30 in accordance with the temperature change. 

Therefore, the temperature compensation unit of the present 
embodiment controls the movement of the first corrector lens 22 by 
means of the second actuator 33 in accordance with a detected 
temperature change, and adjusts the focal-point position of the light 
beam on the scanned surface of the photosensitive medium 26 in the 
main scanning direction so as to eliminate the main-scanning- 
direction focal-point deviation due to the temperature change. At 
the same time, the temperature compensation unit of the present 
embodiment controls the movement of the second corrector lens 23 
by means of the third actuator 34 in accordance with the detected 
temperature change, and adjusts the focal-point position of the light 
beam on the scanned surface of the photosensitive medium 26 in the 
sub-scanning direction so as to eliminate the sub-scanning-direction 
focal-point deviation due to the temperature change. 

Accordingly, the temperature compensation unit of the present 
embodiment adjusts each of the main-scanning-direction focal-point 
position, the sub-scanning-direction focal-point position and the 
sub-scanning-direction beam pitch related to the light beam on the 
scanned surface in accordance with a detected temperature change. 

The deflector 24 in the present embodiment is a rotary 
polygonal mirror having reflection surfaces on the six peripheral 
sides. One of the reflection surfaces of the deflector 24 deflects the 
multiple light beams from the light source unit 21 at a single 
location while the deflector 24 is rotated around its rotation axis as 
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indicated by the arrow in FIG. 8. The deflected beam from the 
deflector 24 scans the scanned surface of the photosensitive medium 
26 in the main scanning direction (which is parallel to the axial 
direction of the photosensitive medium 26). In a synchronous 
5 manner with the time the main scanning is performed, the 

photosensitive medium 26 is rotated around its rotation axis by a 
given rotational angle. Hence, the photosensitive medium surface is 
scanned in the main scanning direction and in the sub-scanning 
direction by the light beam focused by the optical scanning device. 

10 The focusing lens system 25 includes an f 6 lens that converts 

the deflected light beam from the deflector 24 into a convergent 
light beam so that the convergent light beam from the focusing lens 
system 25 forms a light spot on the scanned surface of the 
photosensitive medium 26. The reflector mirror 35 reflects the 

15 convergent light beam, passed through the focusing lens system 25, 
to the scanned surface of the photosensitive medium 26. The dust- 
proof glass 36 is placed between the reflector mirror 35 and the 
photosensitive medium 26 to protect the scanned surface against dust. 
The reflected light beam from the reflector mirror 35 is allowed to 

20 pass through the dust-proof glass 36. During the rotation of the 

deflector 24, the light beam passed through the focusing lens system 
25 scans the photosensitive medium surface in the main scanning 
direction. 

In the optical scanning device of FIG. 8, the temperature 
25 sensor 27 is provided in the vicinity of the photosensitive medium 
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26. The temperature sensor 27 outputs a signal indicative of a 
temperature of the scanning optical unit and its neighboring 
locations, to the temperature measuring unit 28. When the 
temperature sensor 27 senses a first temperature of the scanning 
5 optical unit, the output signal of the temperature sensor 27 

represents a first voltage or resistance of a thermoelectric element 
contained in the temperature sensor 27. When the temperature of the 
scanning optical unit changes to a second temperature and it is 
sensed by the temperature sensor 27, the output signal of the 

10 temperature sensor 27 represents a second voltage or resistance of 
the thermoelectric element. Hence, a change of the voltage or 
resistance of the thermoelectric element indicated by the output 
signal of the temperature sensor 27 is detected by the temperature 
measuring unit 28 as a change of the temperature sensed by the 

15 temperature sensor 27. 

The temperature measuring unit 28 outputs a signal indicative 
of the temperature change to the deviation calculating unit 29. 
Based on the temperature change indicated by the output signal of 
the temperature measuring unit 28, the deviation calculating unit 29 

20 respectively calculates a first amount of movement of the first 
corrector lens 22 required to cancel the main-scanning-direction 
focal-point deviation of the light beam (on the scanned surface) due 
to the temperature change, a second amount of movement of the 
second corrector lens 23 required to cancel the sub-scanning- 

25 direction focal-point deviation of the light beam (on the scanned 
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surface) due to the temperature change, and a third amount of 
movement of the light source unit 21 required to cancel the sub- 
scanning-direction beam-pitch deviation of the light beam (on the 
scanned surface) due to the temperature change. The focal-point 
5 deviation calculating unit 28 supplies the calculated first and second 
amounts of the corrector lens movement to the beam-diameter 
control unit 30, and supplies the calculated third amount of the light 
source unit movement to the beam-pitch control unit 31. 

As the third amount of the light source unit movement from 

10 the deviation calculating unit 29 is received at the beam-pitch 
control unit 31, the beam-pitch control unit 31 controls the 
movement of the light source unit 21 by means of the first actuator 
32 in accordance with the detected temperature change, and adjusts 
the beam pitch of the light beam on the scanned surface of the 

15 photosensitive medium 26 in the sub-scanning direction so as to 

eliminate the beam-pitch deviation caused by the temperature change. 

As the first and second amounts of the corrector lens 
movement from the deviation calculating unit 29 are received at the 
beam-diameter control unit 30, the beam-diameter control unit 30 

20 respectively controls the movement of the first corrector lens 22 and 
the movement of the second corrector lens 23 by means of the 
second actuator 33 and the third actuator 34 in accordance with the 
detected temperature change, and respectively adjusts the main- 
scanning-direction focal-point position and the sub-scanning- 

25 direction focal-point position related to the light beam on the 
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scanned surface of the photosensitive medium 26 so as to eliminate 
the main-scanning-direction and sub-scanning-direction focal-point 
deviations caused by the temperature change. 

Next, a description will be provided of the calculation 
5 executed by the deviation calculating unit 29 in the present 
embodiment. 

FIG. 9 shows a relationship between main-scanning-direction 
focal-point deviation and laser-diode unit movement in the present 
embodiment. In FIG. 9, "all" indicates a gradient of the main- 

10 scanning-direction focal-point deviation to the laser-diode unit 
movement. FIG. 10 shows a relationship between sub-scanning- 
direction focal-point deviation and laser-diode unit movement in the 
present embodiment. In FIG. 10, "a21" indicates a gradient of the 
sub-scanning-direction focal-point deviation to the laser-diode unit 

15 movement. FIG. 11 shows a relationship between sub-scanning- 
direction beam-pitch deviation and laser-diode unit movement in the 
present embodiment. In FIG. 11, "a31" indicates a gradient of the 
sub-scanning-direction beam-pitch deviation to the laser-diode unit 
movement. 

20 In the present embodiment, the deviation calculating unit 29 

includes a memory that stores the gradient "all" defining the 
relationship between main-scanning-direction focal-point deviation 
and laser-diode unit movement, the gradient "a21" defining the 
relationship between sub-scanning-direction focal-point deviation 

25 and laser-diode unit movement, and the gradient "a31" defining the 
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relationship between sub-scanning-direction beam-pitch deviation 
and laser-diode unit movement, respectively. A simulation test (or 
actual measurement) of the optical scanning device of the present 
embodiment is performed, in advance, and individual scanned- 
surface focal-point (or beam-pitch) deviations of the laser beam 
focused by the scanning optical unit are measured at different 
amounts of movement of the laser-diode unit (or the light source 
unit 21). The gradients "all", "a21" and "a31" defining the 
respective relationships are created based on the results of the 
measurement of the simulation test, and stored in the memory of the 
deviation calculating unit 29. 

Further, FIG. 12 shows a relationship between main-scanning- 
direction focal-point deviation and first corrector lens movement in 
the present embodiment. In FIG. 12, "al2" indicates a gradient of 
the main-scanning-direction focal-point deviation to the first 
corrector lens movement. FIG. 13 shows a relationship between sub- 
scanning-direction focal-point deviation and first corrector lens 
movement in the present embodiment. In FIG. 13, "a22" indicates a 
gradient of the sub-scanning-direction focal-point deviation to the 
first corrector lens movement. FIG. 14 shows a relationship between 
sub-scanning-direction beam-pitch deviation and first corrector lens 
movement in the present embodiment. In FIG. 14, "a32" indicates a 
gradient of the sub-scanning-direction beam-pitch deviation to the 
first corrector lens movement. 

In the present embodiment, the memory of the deviation 
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calculating unit 29 further stores the gradient "al2" defining the 
relationship between main-scanning-direction focal-point deviation 
and first corrector lens movement, the gradient "a22" defining the 
relationship between sub-scanning-direction focal-point deviation 
5 and first corrector lens movement, and the gradient "a32" defining 
the relationship between sub-scanning-direction beam-pitch 
deviation and first corrector movement, respectively. A simulation 
test (or actual measurement) of the optical scanning device of the 
present embodiment is performed, in advance, and individual 

10 scanned-surface focal-point (or beam-pitch) deviations of the laser 
beam focused by the scanning optical unit are measured at different 
amounts of movement of the first corrector lens 22. The gradients 
"al2", "a22" and "a32" defining the respective relationships are 
created based on the results of the measurement of the simulation 

15 test, and stored in the memory of the deviation calculating unit 29. 

Further, FIG. 15 shows a relationship between main-scanning- 
direction focal-point deviation and second corrector lens movement 
in the present embodiment. In FIG. 15, "al3" indicates a gradient of 
the main-scanning-direction focal-point deviation to the second 

20 corrector lens movement. FIG. 16 shows a relationship between sub- 
scanning-direction focal-point deviation and second corrector lens 
movement in the optical scanning device of the present embodiment. 
In FIG. 16, "a23" indicates a gradient of the sub-scanning-direction 
focal-point deviation to the second corrector lens movement. FIG. 

25 17 shows a relationship between sub-scanning-direction beam-pitch 
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deviation and second corrector lens movement in the optical 
scanning device of the present embodiment. In FIG. 13, "a33" 
indicates a gradient of the sub-scanning-direction beam-pitch 
deviation to the second corrector lens movement. 
5 In the present embodiment, the memory of the deviation 

calculating unit 29 further stores the gradient "al3" defining the 
relationship between main-scanning-direction focal-point deviation 
and second corrector lens movement, the gradient "a23" defining the 
relationship between sub-scanning-direction focal-point deviation 

10 and second corrector lens movement, and the gradient "a33" defining 
the relationship between sub-scanning-direction beam-pitch 
deviation and second corrector movement, respectively. A 
simulation test (or actual measurement) of the optical scanning 
device of the present embodiment is performed, in advance, and 

15 individual scanned-surface focal-point (or beam-pitch) deviations of 
the laser beam focused by the scanning optical unit are measured at 
different amounts of movement of the second corrector lens 23. The 
gradients "al3", "a23" and "a33" defining the respective 
relationships are created based on the results of the measurement of 

20 the simulation test, and stored in the memory of the deviation 
calculating unit 29. 

In the present embodiment, the memory of the deviation 
calculating unit 29 stores a first map defining a relationship between 
temperature change and a corresponding main-scanning-direction 

25 focal-point deviation of the laser beam, a second map defining a 
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relationship between temperature change and a corresponding sub- 
scanning-direction focal-point deviation of the laser beam, and a 
third map defining a relationship between temperature change and a 
corresponding sub-scanning-direction beam-pitch deviation of the 
5 light beam, respectively. A simulation test of the optical scanning 
device of the present embodiment is performed, in advance, and 
individual scanned-surface focal-point (or beam-pitch) deviations of 
the laser beam focused by the scanning optical unit are measured at 
different temperatures of the scanning optical unit. The first 

10 through third maps defining the respective relationships are created 
based on the results of the measurement of the simulation test, and 
stored in the memory of the deviation calculating unit 29. During 
the measurement of the simulation test, the focusing effect of the 
corrector lenses 22 and 23 on the multiple light beams from the light 

15 source unit 21 is fixed to a reference level and not varied. 

FIG. 18 shows a relationship between main-scanning-direction 
focal-point deviation of the optical scanning device of the present 
embodiment and temperature change. FIG. 19 shows a relationship 
between sub-scanning-direction focal-point deviation of the optical 

20 scanning device of the present embodiment and temperature change. 
FIG. 20 shows a relationship between sub-scanning-direction beam- 
pitch deviation of the optical scanning device of the present 
embodiment and temperature change. 

Suppose that "M" denotes a main-scanning-direction focal- 

25 point deviation of the light beam on the scanned surface for a 
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temperature change, "S" denotes a sub-scanning-direction focal- 
point deviation of the light beam on the scanned surface for the 
temperature change, and "P" denotes a sub-scanning-direction beam- 
pitch deviation of the light beam on the scanned surface for the 
temperature change. Further, suppose that "XI" denotes a first 
amount of movement of the first corrector lens 22 along the optical 
axis needed to cancel the deviation due to the temperature change, 
"X2" denotes a second amount of movement of the second corrector 
lens 23 along the optical axis needed to cancel the deviation due to 
the temperature change, and "X3" denotes a third amount of 
movement of the laser-diode unit 21 along the optical axis needed to 
cancel the deviation due to the temperature change. Then, the 
following formula is satisfied. 
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From the above formula, the respective amounts "XI", "X2" and 
"X3" of the corrector lens movement and the laser-diode unit 
20 movement that must be achieved in order to eliminate the focal-point 
and beam-pitch deviations due to the temperature change, are 
calculated as follows. 
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In the present embodiment, by using the above formula, the 
deviation calculating unit 29 calculates the first amount XI of 
movement of the first corrector lens 22, the second amount X2 of 
movement of the second corrector lens 23, and the third amount X3 
5 of movement of the light source unit 21, respectively, from the 
stored gradient matrix (all through a33) and the respective 
deviations M, S and P of the first, second and third maps read from 
the memory in response to the temperature change. 

As described above, in the present embodiment, the simulation 

10 test is performed, in advance, such that individual scanned-surface 
focal-point or beam-pitch deviations of the laser beam focused by 
the scanning optical unit are measured at different temperatures of 
the scanning optical unit. The first through third maps defining the 
respective relationships are created based on the results of the 

15 measurement of the simulation test, and the maps, such as shown in 
FIG. 18 through FIG. 20, are stored in the memory of the deviation 
calculating unit 29. 

Accordingly, in the optical scanning device of FIG. 8, when a 
temperature change of the scanning optical unit is detected by the 

20 temperature measuring unit 28, the beam-diameter control unit 30 

adjusts each of the main-scanning-direction focal-point position and 
the sub-scanning-direction focal-point position of the light beam on 
the scanned surface by varying the focusing effect of the first 
corrector lens 22 on the light-source-emission light beam by the first 

25 amount XI of movement of the first corrector lens 22 along the 
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optical axis, which corresponds to the temperature change and is 
supplied from the deviation calculating unit 29, and varying the 
focusing effect of the second corrector leans 23 on the light-source- 
emission light beam by the second amount X2 of movement of the 
5 second corrector lens 23 along the optical axis, which corresponds to 
the temperature change and is supplied from the deviation 
calculating unit 29. At the same time, the beam-pitch control unit 
31 adjusts the sub-scanning-direction beam pitch of the light beam 
on the scanned surface by moving the light source unit 21 along the 
10 optical axis by the third amount X3, which corresponds to the 

temperature change and is supplied from the deviation calculating 
unit 29. 

It is not necessary for the optical scanning device of the 
present embodiment to perform the automatic focusing operation 

15 when the temperature of the scanning optical unit changes. In the 
present embodiment, it is possible to provide one-to-one 
correspondence between the temperature of the scanning optical unit 
and the corresponding amount of movement of each of the light 
source unit 21, the first corrector lens 22 and the second corrector 

20 lens 23. 

The movement of each of the first corrector lens 22 and the 
second corrector lens 23 controlled by the beam-diameter control 
unit 30 results in the elimination of the focal-point deviation 
corresponding to that read from the memory of the deviation 

25 calculating unit 29 in response to the temperature change. The 
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movement of the light source unit 21 controlled by the beam-pitch 
control unit 31 results in the elimination of the beam-pitch deviation 
corresponding to that read from the memory of the deviation 
calculating unit 29 in response to the temperature change. In the 
5 optical scanning device of the present embodiment, the temperature 
compensation unit can be constructed in a simple, inexpensive 
configuration. The optical scanning device and the image forming 
apparatus of the present embodiment are effective in quickly 
achieving the optimum focal-point position and the optimum beam 
10 pitch of the light beam on the scanned surface of the photosensitive 
medium 6 when a temperature change of the scanning optical unit is 
detected. 

In the above-described embodiment, the temperature sensor 27 
is provided in the vicinity of the photosensitive medium 26 as shown 

15 in FIG. 8. The present invention is not limited to this embodiment. 
In order to increase the accuracy of temperature detection, a 
plurality of temperature sensors may be provided at different 
internal locations within the optical scanning device which are 
subjected to significant temperature changes. In such embodiment, 

20 the temperature measuring unit 28 detects the temperature of the 
scanning optical unit and its neighboring locations by obtaining a 
weighted average of respective temperatures sensed by the plurality 
of temperature sensors. The weighting factors of the temperature 
sensors for use in the calculation of the weighted average may be 

25 determined depending on the location of each temperature sensor. 
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As the focusing lens system 25 and the light source unit 21 are 
significantly affected by temperature changes, it is necessary to 
assign a relatively large weighting factor for the temperature sensors 
if they are provided in the vicinity of the focusing lens system 25 or 
5 the light source unit 21. 

The optical scanning device of the above-described 
embodiment is provided in an image forming apparatus in which an 
image is formed through an electrophotographic printing process. In 
the electrophotographic printing process, there are basically six 

10 major steps employed: (1) charging of the photosensitive medium; 
(2) exposing of the photosensitive medium to the image light 
pattern; (3) developing of the photosensitive medium with toner; (4) 
transferring of the toned image from the photosensitive medium to 
the final medium (usually paper); (5) thermal fusing of the toner to 

15 the paper; and (6) cleaning of residual toner from the photosensitive 
medium surface. The scanning of the photoconductive medium 
surface, performed by the light beam from the optical scanning 
device of the above-described embodiment, corresponds to the 
exposing step of the electrophotographic printing process that is 

20 carried out by the image forming apparatus. 

The present invention is not limited to the above-described 
embodiment, and variations and modifications may be made without 
departing from the scope of the present invention. 

Further, the present invention is based on Japanese priority 

25 application No. 11-333510, filed on November 24, 1999, and 
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Japanese priority application No. 2000-023930, filed on February \, 
2000, the entire contents of which are hereby incorporated by 
reference. 
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WHAT TS CLATMRD TS 



1. An optical scanning device comprising: 
a light source emitting a light beam; 

a scanning optical unit deflecting the light beam from the light 
source and focusing the deflected light beam to form a light spot on 
10 a scanned surface, the scanned surface being scanned by the light 
beam from the scanning optical unit; 

a temperature detection unit detecting a temperature of the 
scanning optical unit and its neighboring locations; and 

a temperature compensation unit adjusting a focal-point 
15 position of the light beam on the scanned surface in accordance with 
a change in the temperature detected by the temperature detection 
unit, the temperature compensation unit adjusting the focal-point 
position of the light beam by directly varying a focusing effect of a 
corrector lens on the light beam from the light source by a 
20 controlled amount of movement of the corrector lens along its 
optical axis that corresponds to the temperature change. 



25 
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2. The optical scanning device according to claim 1, wherein 
the temperature compensation unit adjusts the focal-point position of 
the light beam with respect to at least one of a main scanning 
direction and a sub-scanning direction in accordance with the 
5 temperature change. 



10 3. The optical scanning device according to claim 1, wherein 

the temperature compensation unit includes a memory that stores a 
table defining a relationship between the temperature change and a 
corresponding focal-point deviation of the light beam on the scanned 
surface, the temperature compensation unit adjusting the focal-point 

15 position of the light beam based on the focal-point deviation read 
from the memory in response to the temperature change. 



20 

4. The optical scanning device according to claim 1, wherein 
an integrated circuit board having a function that is different from a 
temperature compensation function is provided, the temperature 
detection unit being integrally formed on the integrated circuit board. 
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5. An optical scanning method comprising the steps of: 
emitting a light beam from a light source; 

deflecting the light beam from the light source by a scanning 
optical unit; 

5 focusing the deflected light beam by the scanning optical unit 

to form a light spot on a scanned surface, the scanned surface being 
scanned by the light beam from the scanning optical unit; 

detecting a temperature of the scanning optical unit and its 
neighboring locations; and 

10 adjusting a focal-point position of the light beam on the 

scanned surface in accordance with a change in the temperature 
detected in the detecting step, the focal-point position of the light 
beam being adjusted by directly varying a focusing effect of a 
corrector lens on the light beam from the light source by a 

15 controlled amount of movement of the corrector lens along its 
optical axis that corresponds to the temperature change. 



20 

6. An image forming apparatus in which an optical scanning 
device is provided, the optical scanning device comprising: 
a light source emitting a light beam; 

a scanning optical unit deflecting the light beam from the light 
25 source and focusing the deflected light beam to form a light spot on 
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a scanned surface, the scanned surface being scanned by the light 
beam from the scanning optical unit; 

a temperature detection unit detecting a temperature of the 
scanning optical unit and its neighboring locations; and 
5 a temperature compensation unit adjusting a focal-point 

position of the light beam on the scanned surface in accordance with 
a change in the temperature detected by the temperature detection 
unit, the temperature compensation unit adjusting the focal-point 
position of the light beam by directly varying a focusing effect of a 
10 corrector 1 ens on the light beam from the light source by a 

controlled amount of movement of the corrector lens along its 
optical axis that corresponds to the temperature change. 



15 

7. An optical scanning device comprising: 

a light source unit having a plurality of light sources emitting 
multiple light beams; 
20 a scanning optical unit deflecting the multiple light beams 

from the light sources at a single location and focusing the deflected 
light beam to form a light spot on a scanned surface, the scanned 
surface being scanned by the light beam from the scanning optical 
unit; 

25 a temperature detection unit detecting a temperature of the 
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scanning optical unit and its neighboring locations; and 

a temperature compensation unit adjusting each of a main- 
scanning-direction focal-point position, a sub-scanning-direction 
focal-point position and a sub-scanning-direction beam pitch related 
5 to the light beam on the scanned surface in accordance with a change 
in the temperature detected by the temperature detection unit. 



10 

8. The optical scanning device according to claim 7, wherein 
the temperature compensation unit adjusts the main-scanning- 
direction focal-point position of the light beam by directly varying a 
focusing effect of a first corrector lens on the light beam from the 

15 light source by a controlled amount of movement of the first 
corrector lens along its optical axis that corresponds to the 
temperature change, adjusts the sub-scanning-direction focal-point 
position of the light beam by directly varying a focusing effect of a 
second corrector lens on the light beam from the light source by a 

20 controlled amount of movement of the second corrector lens along 
its optical axis that corresponds to the temperature change, and 
adjusts the sub-scanning-direction beam pitch of the light beam by 
moving the light source unit along its optical axis by a controlled 
amount that corresponds to the temperature change. 
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9. The optical scanning device according to claim 7, wherein 
the temperature compensation unit includes a memory that stores a 
first map defining a relationship between the temperature change and 
a corresponding main-scanning-direction focal-point deviation of the 
5 light beam, a second map defining a relationship between the 

temperature change and a corresponding sub-scanning-direction 
focal-point deviation of the light beam, and a third map defining a 
relationship between the temperature change and a corresponding 
sub-scanning-direction beam-pitch deviation of the light beam, 
10 the temperature compensation unit adjusting the main- 

scanning-direction focal-point position, the sub-scanning-direction 
focal-point position and the sub-scanning-direction beam pitch based 
on the respective deviations of the first, second and third maps read 
from the memory in response to the temperature change. 



10. The optical scanning device according to claim 7, wherein 
the temperature detection unit includes a plurality of temperature 
20 sensors provided at different internal locations within the optical 
scanning device, the temperature detection unit detecting the 
temperature of the scanning optical unit and its neighboring 
locations by obtaining a weighted average of respective temperatures 
sensed by the plurality of temperature sensors. 
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11. An optical scanning method comprising the steps of: 

emitting multiple light beams from a plurality of light sources 
contained in a light source unit; 

deflecting the multiple light beams from the light sources at a 
5 single location by a scanning optical unit; 

focusing the deflected light beam by the scanning optical unit 
to form a light spot on a scanned surface, the scanned surface being 
scanned by the light beam from the scanning optical unit; 

detecting a temperature of the scanning optical unit and its 
10 neighboring locations; and 

adjusting each of a main-scanning-direction focal-point 
position, a sub-scanning-direction focal-point position and a sub- 
scanning-direction beam pitch related to the light beam on the 
scanned surface, in accordance with a change in the temperature 
15 detected in the detecting step. 



20 12. An image forming apparatus in which an optical scanning 

device is provided, the optical scanning device comprising: 

a light source unit having a plurality of light sources emitting 
multiple light beams; 

a scanning optical unit deflecting the multiple light beams 
25 from the light sources at a single location and focusing the deflected 
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light beam to form a light spot on a scanned surface of a 
photosensitive medium, the scanned surface being scanned by the 
light beam from the scanning optical unit; 

a temperature detection unit detecting a temperature of the 
5 scanning optical unit and its neighboring locations; and 

a temperature compensation unit adjusting each of a main- 
scanning-direction focal-point position, a sub-scanning-direction 
focal-point position and a sub-scanning-direction beam pitch related 
to the light beam on the scanned surface in accordance with a change 
10 in the temperature detected by the temperature detection unit. 
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ABSTRACT OF THE DTSCT,OSTIRR 

In an optical scanning device and image forming apparatus 
according to the present invention, a light source emits a light beam, 
and a scanning optical unit deflects the light beam from the light 
5 source and focuses the deflected light beam to form a light spot on a 
scanned surface, the scanned surface being scanned by the light 
beam from the scanning optical unit. A temperature detection unit 
detects a temperature of the scanning optical unit and its 
neighboring locations. A temperature compensation unit adjusts a 

10 focal-point position of the light beam on the scanned surface in 
accordance with a change in the temperature detected by the 
temperature detection unit, the temperature compensation unit 
adjusting the focal-point position of the light beam by directly 
varying a focusing effect of a corrector lens on the light beam from 

15 the light source by a controlled amount of movement of the corrector 
lens along its optical axis that corresponds to the temperature 
change. 
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*■ Japanese Language Declaration 

(B$^ifi) 




Fuli name of third joint inventor, if any 

SATORU ITOH 




ThWjoinilnvento^sjgnature Date 


&m 


Residence 
Kanagawa, Japan 


mm 


Citizenship 

Japan 




Post Office Address c/o RICOH COMPANY, LTD., 
3-6, Nakamagome 1-chome, Ohta-ku, 




Tokyo 143-8555, Japan 






Full name of fourth joint inventor, if any 




Fourth joint Inventor's signature Date 


mm 


Residence 


i 


Citizenship 




Post Office Address 










Full name of fifth joint inventor, if any 




Fifth joint Inventor's signature Date 




Residence 


" T mm 


Citizenship 




Post Office Address 










Full name of sixth joint inventor, if any 




Sixth joint Inventor's signature Date 




Residence 


as 


Citizenship 




Post Office Address 






(^7^£ Mi* niii^(75ft|5l^afl#tcM LT&|5ttt&ts (Supply similar information and signature for third and sub- 
«*j<fct/3£ ad to ) sequent joint inventors.) 
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